Although our column usually concentrates on numerical algorithms and the programming aspects o€ computational electromagnetics, from time to time we receive useful contributions emphasizing analytical techniques. These methods have their antennas. We thank the author for his contribution. placc, both in thcir own right, and also since such integrals sometimes appear in computational methods, requiring efficient evaluation. The topic of this month's column is a method for efficiently computing a class of integrals that arises, in particular, for circular
Introduction
atcd powcr (particularly, in the case of a circular loop and a circular microstrip antenna).
novel analytical method for the calculation of a class of
In this papcr, the general case is explored first, and an A power radiation integrals that arise in antenna theory is con-analytical solution, represented by a single power series, is sidered in this paper. These integrals are over a finite range, and obtained. Then, this analysis is applied to the special case of a loop involve a product of Bessel functions. Such integrals often appear antenna, for two different excitations: first, a constant current diswhen cylindrical coordinates are used in the analysis of the raditribution, and sccond, a co-sinusoidal current distribution.
(Because of duality, the last result is also valid for the microstrip antenna.) After the solution of the power radiation integrals is found, it is applied to obtain the radiation resistance and the directivity of the antenna. The results thus obtained are compared with available numerical results. The new analytical method is simple and accurate, and provides a stable and efficient solution for the power radiation integral, The numerical evaluation of this is a difficult task in the case of large antenna dimensions, due to the rapid oscillation of the integrand.
Introduction of New Auxiliary Functions Q
A class of new auxiliary functions, which arise in the expressions for the radiated power of some antennas, are introduced as follows: 
Application of the New Functions to the Circular Loop and to Microstrip Antennas
The thin circular-loop antenna is a simple antenna, used for many years because of the convenience that it offers: it is small, light, and easy to fabricate [4] . The problem of the current excitation of a loop antenna is very well treated in the general case in [5] . However, the problem of finding a closed-form expression for the radiated power and related characteristics (such as the radiation resistance and directivity) is treated only approximately or numerically [6] . Interest in this classical type of antenna was demonstrated recently in [7] , where a new analytical approach, applied td the electromagnetic field (but not to the radiated power), was proposed.
In the next sections, a rigorous analytical method for the calculation of the radiated-power characteristics of the circular loop is proposed for the case of two different excitations: a constant current distribution, and a co-sinusoidal current distribution. A comparison of the results obtained by this efflcient analytical method with available numerical results will be presented, to verify the accuracy of the method.
Constant Current
It is known that the radiation resistance, R,., of a circular loop with a radius a , excited by a uniform axial current Ip = Zo , can be expressed by the following equation (6 = ka , k = 2z/A, 17 = 377 Q ) [6] :
We have used the new auxiliary integral of Equation (1) (in the special case when m = n = s = I), which can be also expressed in the form [6] Only for this special case can another series solution be found, different from the power series of Equation (4) . In [6, p. 2211, the author states: "Even though (5-59) [our Equation (7)] still cannot be integrated, approximations can be made." The last integration, however, can be performed analytically in terms of a series of Bessel functions [2] :
In Figure 1 , the results of simulations of the radiation resistance, Rro, versus the normalized radius 6 = ka are shown. Because of the fast convergence of the series, the method is very efficient. At the same time, the results are very close to those in 
Co-Sinusoidal Current
Let us assume now that the thin loop has a co-sinusoidal axial current distribution, Ip (y,) = Io cosp . The far field of the loop can then be expressed in terms of Bessel functions [7] : [6] , obtained also by numerical integration.
where C = nq 1 Io f / 4 . Then, the radiated power can be written in the following series expansion:
After a substitution of the five auxiliary integrals from Equation (4) into Equation (13), and performing analytical manipulations, we arrive at the following final power-series expression for the new auxiliary function:
Following the definition of the radiation resistance, we have [6] which is reminiscent of Equation (6) with Q!i)(<) replaced by
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The dashed line in Figure 1 shows the results of the simulations for the radiation resistance, R r I , of a loop antenna with a cosinusoidal current distribution. The series expression exhibits rapid convergence, confirming the efficiency of the proposed method. To find the solution with good accuracy for even the worst-case scenario (6 = 20), only N = 30 terms in the series representation of Equation (4) are necessary.
It is easily seen that this new current distribution decreases the radiation resistance (this is not true only for values of 5 < 1).
The present author found that the predictions for the radiation resistance of a circular-loop antenna, based on triple numerical integration, made in [8] , are incorrect, probably because of accumulated numerical error. Application of the definition of the directivity, for a reference direction B = 0 , yields the following expression [6] : again reminiscent of Equation (9) when e,, (6) = I is assumed.
In Figure 2 , the results for the directivity, D , , are shown. One can easily observe that the new current distribution leads to higher values for the directivity. This plot corresponds very well to Figure 14 .25 in [6] . There, the directivity of a circular microstrip antenna is obtained by numerical integration. This is because a thin magnetic-current distribution in the slot is used, which is a dual case of the previous situation with an electric-current distribution.
Conclusion
In this paper, a novel analytical solution for a class of powerradiation integrals, arising in antenna theory, has been obtained. These integrals were then applied to the analysis of circular-loop and circular-microstrip antennas, for which results obtained using numerical integration were available [6] . The analytical result, obtained in this paper, has been shown to be sufficiently accurate and efficient for the calculation of the radiation characteristics of these antennas. The auxiliary power-radiation integrals, { &; ), might be also useful in the analysis of other types of antennas, when thc far field is expressed in terms of cylindrical harmonics. 86 advertising on the interpolated resolution. That can be vety misleading. Some scanners also have different resolutions along the two scanning axes. In such cases and for most applications, it is the lower of the two numbers that is relevant. Thus, a scanner that has a hardware resolution specified as 1200 x 600 dpi is only going to provide a useful resolution of 600 dpi for most applications.
Editor's Comments Continuedfiom puge
For scanning photos and graphics, you basically want at least 300-600 dpi hardware resolution (for a discussion of the resolution necessary to produce adequate-quality publication graphics, see the comments in my Editor's Comments in the June, 2000, issue of the Magazine, 42, 3, pp. 30ff). However, in certain circumstances, a resolution of up to 2400 dpi can be valuable for publication purposes.
For black and white scanning, eight bits of gray-scale information is sufficient. However, some scanners now provide 12-or 16-bit gray-scale scanning. The additional dynamic range can be useful for situations in which you are trying to get information out of shadow regions in an image, or where the image you are scanning itself has a larger-than-usual dynamic range. Similarly, eight bits of information per color channel is all that is usually needed (typically, scanners have three color channels: red, green, and blue, or RGB). Eight bits per channel translates into "24-bit color" in scanner-specification terminology. However, again, additional dynamic range can be very useful for difficult images, and modern scanners are available with 36-and 48-bit color, although you usually pay a premium for the extra dynamic range.
Until recently, scanners with more than 1200 dpi resolution andor more than 36-bit color cost well over $1000 (or even several thousands of dollars). Attachments could add many hundreds of dollars to the price, as well. There are attachments several that can useful. A sheet feeder ("automatic document feeder" or ADF, in scanner terminology) is useful if you have a substantial number of pages to OCR. Flatbed scanners are designed to work by shining a light upwards against the face of the document to be scanned, and having the moving sensor read the reflected light. That's fine for opaque objects. However, slides and vugraphs have to be transilluminated in order to be properly scanned. This requires a slide adapter and a transparency adapter, respectively. Until recently, ADFs used to cost several hundred dollars, and slide or transparency adapters were anywhere from one to several hundred dollars.
Finally, there are the issues of interface and scanning speed. Scanning an 8.5 in x 11 in (or an A4) sheet of paper at 600 dpi and eight bits results in a -34 MB data file. Similar sizes result for 300 dpi "true color" scans. A 2400 dpi "true color" scan of a full page is over 2 GB of data (although I can think of few situations in which that would ever be done: you usually want to scan something much smaller at a resolution that high)! Low-end scanners typically use parallel-port or USB interfaces. If you're going to generate large amounts of data, you need a faster interface. Higherend scanners use SCSI interfaces.
With regard to scanning speed, low-end scanners can take 30 seconds to a minute to scan a single sheet of paper at 300 dpi, with 
